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least one direction along the axis, the inner and outer races 
each having first and second axial faces which are respec- 
tively located at the same axial end of the duplex bearing. 
The duplex bearing is radially supported by a housing, and 
a shaft extends through the inner race, the shaft radially and 
axially supported by the inner race. A first retainer is 
connected to the housing and engages the first axial surface 
of a bearing race, the movement of which race in a first 
direction along the axis being constrained by the first 
retainer. A second, resilient retainer is connected to the 
housing or the shaft and is deflected through engagement 
with the second axial face of a bearing race, the movement 
of which race in a second direction along the axis, opposite 
to the first direction, being constrained by the deflected 
second retainer. The bearing is preloaded by its being 
clamped between the first and second retainers, and the 
second retainer forms at least a portion of a spring having the 
characteristic of a substantially constant force value corre- 
lating to a range of various deflection values, whereby the 
preload of the bearing is substantially unaffected by varia- 
tions in the deflection of the second retainer. 
20 Claims, 12 Drawing Sheets 
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bore, and portion 50, which is supported by duplex bearing 
52. Referring again to FIG. l A ,  at the end of shaft 40 which 
is opposite end 44, portion 54 is supported by duplex bearing 
56, which is identical to duplex bearing 52. Shoulder 58 is 
5 located between shaft portions 48 and 54. Shoulders 46 and 
58 respectively abut inner race 60 of bearings 52 and 56, 
through which shaft portions 50 and 54 extend. Outer race 
62 of bearing 56 is received in counterbore 64 of second 
housing portion 34, and abuts annular face 66 thereof, which 
forms a bearing retainer. 
Outer race 62. of bearing 52 is received in counterbore 68 
of first housing portion 32. Disposed between annular face 
70 of counterbore 68 and outer race 62 of bearing 52 is wave 
spring 72, shown in greater detail in FIG. 1C. Spring 72 has 
free height H1 and variable, loaded height H2. As bolts 37 
are tightened, spring 72 is compressed to its loaded height 
H2 and urges shaft 42 leftward as viewed, through bearing 
52 and shoulder 46, and clamps the bearings axially. This 
bearing mount device is rather sensitive to the amount of 
torque exerted on bolts 37, therefore bolts 37 must be 
20 precisely torqued. The bearing mount device, through 
deflection of spring 72, preloads the duplex bearing axially, 
in the direction of the shaft axis of rotation. As the bearing 
is clamped, spring 72 and, to a lesser extent, the other 
components of the retaining system, will deflect. 
Those skilled in the art will recognize that in the type of 
duplex ball bearing depicted, an axially directed force is 
transferred between inner and outer races 60, 62 though 
interfacing, radially offset shoulders located between the 
inner and outer races. Balls 74, which roll on these 
30 shoulders, support both the axial and radial loads exerted on 
the bearings. Each race of a bearing may be provided with 
only one annular shoulder, as shown in FIGS. 1 A  and 1B. 
Alternatively, one of the inner or outer bearing races may be 
formed with a circumferential groove forming a pair of 
35 shoulders; during assembly of the bearing, the balls are first 
disposed in the circumferential groove provided in the inner 
or outer race, and the other race, having a single shoulder, is 
then positioned so as to capture the balls between the two 
races. Notably, each duplex bearing must be oriented and 
40 assembled into its mount such that axial forces exerted on 
one of its inner and outer races will be directed through its 
shoulder and the balls, to the shoulder of the other bearing 
race; otherwise the bearing may come apart. 
As the bearing is clamped, spring 72 will deflect, applying 
45 a load to outer race 62 of bearing 52 that is proportional to 
the deflection. Thus, changes in the deflection of the spring 
will result in changes in the load on the bearing. FIG. 2 
shows the substantially linear relationship between spring 
deflection and bearing load. The clamping torque, which can 
50 be measured as the torque to rotate the inner bearing races 
relative to their associated outer bearing races, is shown on 
the abscissa of FIG. 2 and is analogous to the deflection of 
the spring. Thus, increased torque results in an increased 
load on the bearing. 
The Smalley Steel Ring Company produces wave springs 
of the type used in motor assembly 30; disc springs and 
finger disc springs may also used. These spring designs, 
however, have a load variation on the order of +/-25%. This 
is not acceptable for high precision mechanisms, which 
60 require stable performance, especially over a long period of 
time under severe environment conditions, as required of 
space flight mechanisms such as, for example, an Advanced 
Very High Resolution Radiometer (AVHRR) (not shown), 
the primary imaging instrument on certain polar orbiting 
65 meteorological satellites. In such applications, an open loop 
scanner is positioned by a motor having a shaft supported by 
duplex bearings. 
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COMPACT, PRECISION DUPLEX BEARING 
MOUNT FOR HIGH VIBRATION 
ENVIRONMENTS 
COMPACT, PRECISION DUPLEX BEARING 
MOUNT FOR HIGH VIBRATION 
ENVIRONMENTS 
The United States Government has a paid-up license in 
this invention and the right in limited circumstances to 
require the patent owner to license others on reasonable 
terms as provided for by the terms of contract No. NAS5- 
30384 awarded by NASA. 
BACKGROUND OF THE INVENTION 
The present invention relates to compact duplex bearing 
mounts, particularly for those bearings which must operate 
with high precision in high vibration environments. 
Duplex bearings are well known in the art and may be 
generally described as having concentric annular inner and 
outer races which rotate relative to each other, and an 
annular arrangement of load-supporting rotating elements, 
such as balls or rollers, located between the races. High 
precision applications for duplex bearings are often sub- 
jected to vibratory conditions which are severe. For 
example, duplex bearings must operate with high precision 
during, and after, the launching of a spacecraft, the vibration 
caused by an airplane propeller, or the operation of a vehicle 
on a rough road. The vibration loading on the bearing or its 
mounts can also adversely affect the bearing running 
characteristics, resulting in jitter. Further, these loads can 
also affect the individual components comprising the system 
supported by the bearing, resulting in deformations that 
change the modal properties or natural frequencies of the 
system. These changes in natural frequencies, which are 
indicative of a change in the loading on the bearing, can 
result in the generation of objectionable, audible sounds by 
the bearing-supported system, or vibrations that can 
adversely affect the life of the bearing, or other systems near 
the bearing. 
For high precision rotation applications, such as those 
requiring very low rotational jitter (on the order of 10 
microseconds of rotational period variation per revolution), 
the preload force applied to the bearing is critical. Variation 
in preload may result from yielding of the bearing retaining 
system and will affect the running torque characteristics of 
the bearing, which can increase jitter and adversely affect the 
natural frequencies of the system supported by the bearing. 
Aprevious duplex ball bearing mount for a rotary device 
is shown in the rotary device depicted in FIG. lA,  which is 
an electric motor assembly. This mount is very susceptible 
to variations in the tolerances of the individual parts and 
tolerances in the preload applied through torquing of the 
bolts. These variations resulted in variations in jitter and 
natural frequency as the motor was subjected to vibration 
and changes in its thermal environment. 
Motor assembly 30 includes first and second housing 
portions 32 and 34, respectively, located on and abutting the 
opposite axial ends of stator 36. Bolts 37 secure the housing 
portions and the stator together. Rotor 38 is disposed within 
stator 36, and has an axis of rotation which is colinear with 
bore 40 extending through the rotor. Shaft 42 is interference 
fitted within bore 40, rotatably fixing it to the rotor. End 44 
of the shaft extends through first housing portion 32, and is 
operatively coupled to a device (not shown) driven by the 
motor. Referring to FIG. l B ,  shaft 40 is provided with 
shoulder 46 between portion 48, which is fitted into the rotor 
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FIGS. 4-7 show a number of other previous spring-based 
concepts by which various configurations of shaft 42' is 
supported by a plurality of duplex ball bearings 52, 52', 56, 
and/or 56'. Each of these concepts employ coil springs 76, 
which are more linear in their force versus deflection char- 
acteristics vis-a-vis wave spring or disc springs. Coil 
springs, however, require much more axial space. If coil 
springs 76 were eliminated from the designs of FIGS. 3-7, 
however, it would be impossible to clamp the bearings 
without changing the effective preload. Further, if coil 
springs 76 were not present, the load applied when inner and 
outer bearing retainers 78, 80 are clamped would result in 
deflection of other parts of the system, such as bearing races 
60, 62, any bearing spacers 82, or the bearing retainers 
themselves. 
Notably, too, if the resulting stress from the applied 
clamping load were greater in outer race 62 than in inner 
race 60, or vice versa, the resulting strain would cause a 
change in the effective preload of the bearing, which is 
undesirable. 
Although previous bearing mounts employing springs 72, 
76 are used to provide a defined point of deflection in a 
bearing mount, they are not effective for high-precision 
applications which are required to undergo severe 
vibrations, which impart high loads to the bearings. For 
example, during vibration, the bearings of the above- 
mentioned AVHRR scanner experiences loads approaching 
1000 pounds, well beyond the load capacity of existing 
wave, disk and coil springs given the small amount of axial 
space available. 
Further, unless painstaking measures are taken to control 
tolerance stackup in the rotary device assembly, previous 
bearing mounts are largely susceptible to variations in 
bearing loads. Moreover, unless materials of common coef- 
ficient of thermal expansion are used for those parts which 
comprise the bearing mount system, changes in bearing 
preload can occur in cases where previous bearing mounts 
are subjected to changes in their thermal environments. 
A high precision duplex bearing mount which overcomes 
the above-mentioned variability problems, requires less 
packaging space than previous mounts, is substantially 
impervious to changes in temperature and tolerance stackup 
in the rotary device assembly, and is suitable for use in 
high-vibration environments is highly desirable. Such a 
bearing mount would be particularly useful wherever high 
precision bearings are desired, such as, for example, in 
machine tool and semiconductor manufacturing machinery 
applications, as well as in aerospace applications. 
SUMMARY OF THE INVENTION 
The present invention applies a precise, controlled clamp- 
ing load on duplex bearings while providing a mount which 
can survive high vibration loads. The sensitivity to the 
torque applied in axially clamping the bearing is also 
eliminated, providing a more robust bearing mount design 
vis-a-vis previous bearing mounts. The inventive duplex 
bearing mount also provides a very compact package requir- 
ing little space, and is lightweight, making it particularly 
useful for use in spacecraft and other applications where 
required package space and weight must be minimized. 
The present invention provides a duplex bearing mount 
including at least one duplex bearing having an inner race 
and an outer race, the inner race disposed within the outer 
race and being rotatable relative to the outer race about an 
axis, the inner race having substantially no relative move- 
ment relative to the outer race in at least one direction along 
4 
the axis, the inner and outer races each having first and 
second axial faces which are respectively located at the same 
axial end of the duplex bearing. The duplex bearing is 
radially supported by a housing, and a shaft extends through 
5 the inner race, the shaft radially and axially supported by the 
inner race. A first retainer is connected to the housing and 
engages the first axial surface of a bearing race, the move- 
ment of which race in a first direction along the axis being 
constrained by the first retainer. A second, resilient retainer 
is connected to the housing or the shaft and is deflected 
through engagement with the second axial face of a bearing 
race, the movement of which race in a second direction 
along the axis, opposite to the first direction, being con- 
strained by the deflected second retainer. The bearing is 
preloaded by its being clamped between the first and second 
retainers, and the second retainer forms at least a portion of 
a spring having the characteristic of a substantially constant 
force value correlating to a range of various deflection 
values, whereby the preload of the bearing is substantially 
unaffected by variations in the deflection of the second 
The present invention also provides a duplex bearing 
mount including first and second duplex bearings each 
having an annular inner race and an annular outer race, the 
inner races respectively disposed within the outer races and 
25 being rotatable relative to the outer races about an axis. 
Relative movement between the inner and outer races of 
each respective bearing in at least one direction along the 
axis is constrained, radial movement of each bearing relative 
to the axis is constrained, and the first and second bearings 
3o have fixed relative positions along the axis. A bearing 
retainer is in operative engagement with the first bearing 
outer race, movement of the first bearing along the axis in 
the direction of the retainer being limited by the bearing 
retainer. An annular member is connected to the bearing 
retainer and includes a plurality of radially inwardly extend- 
35 ing resilient tabs which engage the second bearing outer race 
and are deflected thereby, the first and second bearings being 
urged in a direction along the axis toward the bearing 
retainer. The annular member at least partially defining a 
nonlinear spring having the characteristic of a substantially 
40 constant force value corresponding to a range of different 
deflection values, whereby a constant preload can be exerted 
on the duplex bearings under varying amounts of tab deflec- 
tion. 
The present invention also provides a duplex bearing 
45 mount for a rotary device, including a pair of duplex 
bearings each having an inner race and an outer race, the 
inner race disposed within the outer race and being rotatable 
relative thereto about an axis, the inner races and the outer 
races respectively engaged with each other along the axis. A 
50 bearing retainer is engaged with the outer race of one of the 
duplex bearings, movement of the duplex bearings in one 
direction along the axis being limited by the bearing retainer. 
Also included are means for providing a substantially con- 
stant preload on the duplex bearings under varying amounts 
55 of displacement of the duplex bearings in directions along 
the axis. 
10 
20 retainer. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The above-mentioned and other features and advantages 
60 of this invention, and the manner of attaining them, will 
become more apparent and the invention itself will be better 
understood by reference to the following description of 
embodiments of the invention taken in conjunction with the 
accompanying drawings, wherein: 
FIG. 1 A  is a longitudinal sectional view of a motor 
assembly having one embodiment of a previous duplex 
bearing mount; 
65 
US 6,409,390 B1 
5 6 
FIG. 1B is an enlarged view showing the encircled portion FIG. 22A is a fragmentary, partially sectioned view of a 
of FIG. l A ,  rotary device employing a seventh embodiment of a duplex 
FIG, 1c is a side view of a portion of the wave spring bearing mount according to the present invention; 
shown in FIG. l A ,  FIG. 22B is an enlarged view of a first portion of FIG. 
FIG. 2 is a graph illustrating the relationship between 2 2 k  
bearing load and clamping torque in the bearing mount of FIG. 22C is an enlarged view of a second portion of FIG. 
the motor shown in FIG. l A ,  22A; 
FIGS. 3-7 are sectional views of various previous duplex FIG. 23 is an oblique view of a sixth embodiment of a 
bearing mounts having coil springs for axially clamping the spring for a duplex bearing mount according to the present 
bearings; invention; 
FIG. SA is a fragmentary, partially sectioned view of a FIG. 24 is a longitudinal sectional view of a rotary device 
rotary device employing a first embodiment of a duplex employing an eighth embodiment of a duplex bearing mount 
bearing mount according to the present invention; according to the present invention; and 
FIG. 25 is an oblique view of a seventh embodiment of a 
encircled portion of FIG. SA, spring for a duplex bearing mount according to the present 
invention. 
encircled portion of FIG. SA, Corresponding reference characters indicate correspond- 
ing parts throughout the several views. The exemplifications 
spring for a duplex bearing mount according to the present 20 set out herein illustrate different embodiments of the present 
invention; invention, in several forms, and such exemplifications are 
not to be construed as limiting the scope of the invention in 
any manner. 
FIG. 8B is an enlarged view showing the corresponding 1s 
FIG. 8C is an enlarged view showing the corresponding 
FIG, 9~ is an oblique view of a first embodiment of a 
FIG. 9B is a plan view of the spring of FIG. 9A, 
FIG. 9C is a view of the spring of FIG. 9B along line 
FIG. 9D is a view of the spring of FIG. 9B along line 
25 DETAILED DESCRIPTION OF THE 9c-9c; 
INVENTION 
9D-9D; 
FIG, 10  is a graph illustrating the relationship between Referring to there is shown a rotary device, such 
bearing load and clamping torque in the inventive bearing as, for a motor which a first 
3o embodiment of a duplex bearing mount according to the 
present invention. Rotary device 90 includes housing 92 
tilever spring member 96 is attached to housing 92 by a 
plurality of circumferentially distributed screws 98. Com- 
springs, spring 96 is just as compact while having a greater 
load capacity and a higher spring rate. Both of these features 
make this design capable of surviving high vibration loads, 
which would be well beyond the capability of the wave 
Shaft 94 is provided with annular shoulder 100 against 
which one axial surface of the inner race of duplex ball 
bearing 102 abuts. One axial surface of the outer race of 
bearing 102 abuts spring 96, as described further hereinbe- 
45 low. Aplurality of balls are disposed between the inner and 
outer races of bearing 102, in the manner described above 
with respect to Previously known duplexbearings. The other 
axial surfaces of the inner and outer races of bearing 102 
respectively abut an axial end of cylindrical spacers 104 and 
ends Of spacers lo4 and lo6 
respectively abut the inner and outer races of duplex ball 
bearing 108, which is substantially identical to bearing 102. 
90, are known as being of a “DB” configuration. 
mount of the rotary device of FIG. SA, 
view of the rotary device of FIG. SA, 
l1 is a fragmentary, partially within which shaft 94 is rotatably supported, Annular can- 
12A is an view Of the rotary device Of 
FIG. 12B is an oblique view of the nut torque tool of FIG. 
12A; 
FIG. 13A is a fragmentary, partially sectioned view of a 
rotary device employing a second embodiment of a duplex 
bearing mount according to the present invention; 
FIG. 13B is an exploded view of a portion of the device 
shown in FIG. 13A, 
FIG. 14  is a fragmentary, partially sectioned view of a 
rotary device employing a third embodiment of a duplex 
bearing mount according to the present invention; 
FIG, 15 is an oblique view of a second embodiment of a 
spring for a duplex bearing mount according to the present 
invention; 
FIG, 16 is a fragmentary, partially sectioned view of a 
rotary device employing a fourth embodiment of a duplex 50 lo6. The Opposite 
bearing mount according to the present invention; 
spring for a duplex bearing mount according to the present 
invention; 
11, showing a bearing nut torque 35 pared to the alternatives such as wave washers and disc 
4o spring or disc springs. 
l7 is an Oblique view Of a third embodiment Of a Bearings 102 and 108, and their orientation in rotary device 
ss At the right side of rotary device 90, as viewed in FIG. l8 is a fragmentary, partially sectioned view Of a SA, rigid annular bearing retainer 110, which may be made 
ofthe Same material as housing 92, is attached to housing 92 rotary device a fifth embodiment Of a 
by means of a plurality of circumferentially distributed bolts bearing mount according to the present invention; 
l9 is an Oblique view Of a fourth embodiment Of a or cap Screws 112. Referring to FIG. 8B, bearing retainer 
bearing mount according to the present 60 110 applies an axially-directed load to the abutting axial spring for a 
invention; 
FIG. 20 is a fragmentary, Partially sectioned view of a 
rotary device employing a sixth ~ ~ b o d i m e n t  of a duplex 
bearing mount according to the present invention; 
spring for a duplex bearing mount according to the present 
invention; 
surface of the outer race of bearing 108 as bolts 112 are 
tightened until its surface 114 abuts that of housing surface 
116. With reference to FIG. 11, surface 118 of bearing 
retainer 110, which abuts the adjacent axial surface of the 
FIG. 2 1  is an oblique view of a fifth embodiment of a 65 outer race of bearing 108, is match-machined relative to 
pre-assembly stickout dimension S of the specific bearings 
102, 108, housing 92 and cylindrical spacer 106 used. This 
7 
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match-machining, which distances retainer surface 118 from 
retainer surface 114 by dimension Y, is designed to provide 
a specific deflection X in spring 96 of, for example, 0.002 
inch, which provides the desired preload force on bearings 
102, 108. Once this deflection has been achieved, bearing 
retainer 110 seats against housing 92, and no further load is 
imparted to bearings 102, 108. Referring to FIG. 8C, it can 
be seen that, when retainer 110 is fully seated, a portion of 
spring 96 is deflected axially away from housing surface 
119, the abutting end of the outer race of bearing 102 now 
sticks out 0.002 inch beyond surface 119. 
Referring to FIGS. 9A-D, annular spring 96 is provided 
with eight (8) radially inwardly extending tabs 120, equally 
distributed about its inner circumference. Tabs 120 abut the 
outer race of bearing 102 (FIG. SA) and retain the bearing 
within housing 92. Thus, it is to be understood that spring 
member 96 and all of the other annular springs described 
hereinbelow are resilient bearing retainers. The tabs of 
spring 96, and the other annular springs described 
hereinbelow, additionally provide bearing mounts according 
to the present invention with a structure which allows the 
bearings to self-align within the mount. Tabs 120 each 
support a section of the bearing, and will independently 
adjust to provide the correct support. This feature of the 
present invention beneficially provides repeatability of 
assembly. 
Interposed between adjacent tabs 120 are eight (8) coun- 
tersunk holes 122 through which screws 98 extend. Spring 
96, like all other embodiments of annular springs described 
hereinbelow, is made of a martensitic stainless steel such as, 
for example, heat treated Custom 455 HlOOO available from 
Carpenter Steel. Spring 96 is planar and has thickness t (FIG. 
9C) of approximately 0.080 inch. Width b (FIG. 9B) of the 
root of each tab 120 is approximately 0.216 inch, and each 
tab has length L of approximately 0.210 inch. The dimen- 
sions and structure of spring 96, or those described 
hereinbelow, my be tailored to provided the desired force/ 
deflection characteristics. Because the cross section of each 
tab 120 of spring 96 is rectangular, its moment of inertia I 
is defined as bt3/12 (in'). 
The linear spring rate constant of a cantilever spring is 
defined as k=3EI/L3 (lbiin), where E is the modulus of 
elasticity E, and I is the moment of inertia; those skilled in 
the art will recognized that spring 96 may be considered to 
include eight (8) such springs. 
An illustrative capability comparison between an embodi- 
ment of a bearing mount according to the present invention, 
and previous bearing mounts utilizing a wave spring or a 
disc spring in a similar rotary device, using a 1 inch OD 
bearing, is provided in Table 1. 
TABLE 1 
Comparison of Spring Capabilities 
Inventive Previous Previous 
Property Bearing Mount (Wave Spring) [Disc Spring) 
Working Load 400 lbs 15 lbs 23 lbs 
Working Height 0.075 inches 0.06 inches 0.02 inches 
Spring Rate 400,000 lbsiinch 633 lbsiin 1026 lbsiin 
Notably, the usual linear forceidisplacement relationship 
for a spring, depicted in FIG. 2, does not hold for the 
inventive bearing mount design. Spring 96 is held against 
surface 119 of housing 92 by screws 98. As bolts 112 are 
tightened, however, and surface 114 of bearing retainer 110 
approaches interfacing surface 116 of housing 92. bearing 
108, spacer 106 and bearing 102 are displaced to the left, as 
described above, deflecting tabs 120 (FIG. 120). At a critical 
point in this displacement, a portion of the abutting surface 
121 of spring 96 separates from housing surface 119, cre- 
5 ating a gap region in which there is no direct abutting contact 
between a portion of spring surface 121 and housing surface 
119. Referring to FIG. 8C, this gap is shown at 125. Gap 125 
is very small but is significant in that it changes the spring 
rate of spring 96 by effectively lengthening the moment arms 
of tabs 120 with further deflection. The lengthened moment 
arm corresponds to length L in the cantilever spring constant 
equation k=3EI/L3 (lbiin). Thus, it will be understood that, 
past the critical point at which surfaces 119 and 121 locally 
separate, as surface 114 of retainer 110 approaches surface 
15 116 of housing 92, length L effectively increases in equation 
k=3EI/L3 (lbiin) and, k decreases with increasing deflection 
of spring 96. 
The forceideflection curve for spring 96 as installed in 
rotary device 90 is shown in FIG. 10, and illustrates that 
2o spring 96 assumes a nonlinear force/deflection characteristic 
after its initial deflection; past the critical point of its 
deflection, spring 96 becomes a spring having the charac- 
teristic of a range of substantially constant force value 
correlating to a range of various deflection values. Once the 
25 plateau of the curve in FIG. 10 is reached, the preload of 
bearings 102, 108 is substantially unaffected by further 
increases in the deflection of spring 96. It is to be noted that 
bearing retainer clamping torque, which can be measured as 
the torque on bolts 112, is proportionally analogous to the 
30 deflection which spring 96 undergoes. Thus, FIGS. 2 and 10 
may be directly compared. 
Rather than bearing load increasing in direct proportion 
with spring deflection, the load level substantially plateaus 
after the above-mentioned critical point, at which gap 125 is 
35 formed and the moment arms of tabs 120 lengthen. Up to the 
critical point, the overall spring rate for spring 96 is approxi- 
mately 247,000 lbiin; for further deflection beyond the 
critical point, the load remains substantially constant. 
Notably, this critical point is reached before surface 114 
40 of bearing retainer 110 has been abuttingly seated on inter- 
facing surface 116 of housing 92; thus once bearing retainer 
110 has been fully assembled and secured, the bearing load 
is stabilized to a maximum level. With reference again to 
FIG. 10, point Po represents the point at which the bearing 
4s retainer clamping torque (on bolts 112), and thus the 
deflection, at which the desired preload is reached. In the 
present example, this deflection is 0.0002 inch, and corre- 
sponding point Po is well on the curve's plateau. Points 
P,,,, and P-,,, represent points at which the deflection is 
50 respectively increased or decreased by 20% from point Po. 
These deflection variations may occur from, for example, 
variations in temperature, which cause various components 
of the bearing mount to shrink or expand at different rates, 
and/or vibrational loading of the system. Despite these 
is substantial variations in spring deflection, the load on the 
bearing remains unchanged. Indeed, spring deflection varia- 
tions on the order of 40% effect no appreciable variation 
from the bearing preload, as indicated by reference to points 
P,,,, and P-40,. Those skilled in the art will appreciate that 
60 the inventive bearing mount system will thus provide a 
stable bearing preload which is substantially insensitive to 
vibration and/or changes in thermal environment, as well as 
tolerance stackup in the assembly of the rotary device. 
Notably, the present invention beneficially provides the 
65 ability to use components having various coefficients of 
thermal expansion; relative expansions of the bearing mount 
-. - - system components will not affect the preload on the bearing 
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once that preload level is established well upon the plateau 
of the curve shown in FIG. 10. 
The high spring rate of spring 96, in conjunction with the 
solid mounting of rigid bearing retainer 110 allows device 
90 to survive high levels of vibration without changes in 5 
Position of its components. As a result, rotary devices 
employing the inventive bearing mount are able to achieve 
perfect device performance. 
150, which may be part of a scanner for an AVHRR 
(discussed above). Rotary device 150 is substantially iden- 
tical to rotary device 90 except that bearings 102 and 108 are 
interchanged; their orientation in rotary device 150 is of a 
“DF’ configuration. In the DF configuration, nut 126 merely 
holds the bearings on shaft 94. Spring 96 limits the applied 
preload to the proper amount in the manner described above. 
Referring now to FIG. 14, there is shown rotary device 
As noted above, for the bearing preload to be 160 which includes a third embodiment of a bearing mount 
unaffected by the clamping process, the strain on the inner 10 according to the present invention, Rotary device 160 
Of lo2 and must be to the strain On includes two separate bearing mounts 162,164, one for each 
the outer races of these bearings. To equalize these strains, end of shaft 166, Each bearing mount includes a pair of 
the inner races of bearings 102, 108 are clamped through spring members 168, As shown in FIG, 15, spring 168 is 
means of nut 126 threadedly engaged to shaft 94. Referring similar to spring 96 (FIG, gA), but its dimensions and 
to FIG. 11, shaft 94 is provided with threaded portion 124, 15 structure may be tailored to provided the desired force/ 
between and abutting nut 126 and the inner race of bearing device 160 may be directly with the previous 
shaft 94 by means of pin 130 which is fitted into radially is comparatively much 
extending bore 132 in shaft 94, and projects radially from 20 
member 170 to which springs 168 are attached by screws 98. shaft threaded portion 124. The projecting portion of pin 130 
between tabs 174 of springs 168, which provide a controlled entia1 surface of spacer 128. Mating annular surfaces 136 and 138 of nut 126 and spacer 128, respectively, are 25 load on the bearing. The inner race of bearing 172 is abutted, 
on its opposite axial sides, by rotating members 176 and 178. extremely flat and perpendicular to the axis of rotation of Rotating member 176 abuts shoulder 180 of shaft 166; 
rotating member 178 serves as a clamping spacer and is shaft 94. 
fitted Onto a socket drive torque wrench (not shown)’ threaded portion 184 of shaft 166. The interfacing surfaces 
12“ cooperatively form a labyrinth seal. An added feature of the 
strain in the inner races of bearings 102 and 108, which are on the bearing while allowing, axial defection of the shaft 
lence with the strain in the outer races of these bearings 3s becoming overloaded during periods of temperature varia- 
resulting from the above-described preloading. A test may 
be run to verify that the proper torque has been applied, 
upon which is threadedly engaged 126. Disposed deflection characteristics, The bearing mount of rotary 
is ’pacer 12’. ’pacer 12’ is rotatably fixed to bearing mount shown in FIG, 6 and, as can be readily seen, 
the cylindrical surface of the shaft between bearing 108 and Sing1e bearing mount 162 stationary housing 
is received in axial slot 134 located in the inner circumfer- The Outer race Of bearing 172 is captured 
Referring to 12A, socket 140, which may be engaged by nut 182 which is threadedly engaged with 
30 of housing member 170 and rotating members 176, 178 engages Opposite flats (not shown) provided On flats 142 Of 140 are shown in 
12B. Nut 126 is torqued to an appropriate level to bring the spring member on the single bearing is that it limits the load 
in contact with each Other through spacer lo4, into equiva- due to thermal expansion, This prevents the bearing from 
tion, 
which uses a bearing spacer 104 instrumented with strain 
gages to determine the torque that needs to be applied to 
bearing mount 164 is Of the DB confi#lration, but 
in the does not ’pacers such as lo4, lo6 
spacer 104 to match the stress, and resulting strain, in spacer 40 first and second inventive bearing mount embodiments. 
104 with that in outer spacer 106. In the final assembly, nut Rather, abut each Other. 
126 is torqued to the correct value using tool 140. Springs 168 are attached to stationary housing member 186, 
and engage the outer races of bearings 108, 102, providing An illustrative comparison of modal characteristics, a controlled preload thereto. Rotating member 176’ abuts before and after vibration, between an embodiment of a shoulder 188 of shaft 166; rotating member 178’ serves as a bearing mount according to the present invention, and a 45 
clamping spacer and is engaged by nut 182 which is thread- previous bearing mount utilizing a wave spring in a similar edly engaged with threaded portion 190 of shaft 166. The rotary device, is provided in Table 2. The tests performed interfacing surfaces of housing member 186 and rotating show little change in natural frequencies of the rotary 
mount, and running torque data taken on the motor indicated SO Notably, Previous bearing mounts, such as that shown in 
a consistent bearing preload. rotary device 30 (FIG. 1A) cannot be precisely adjusted; as 
a result these types of bearing mounts cannot be used in 
combination with low friction labyrinth seals. 
Referring now to FIG. 16, there is shown rotary device 
ss 200 which, like rotary device 150 (FIG. 13A) employs a DF 
bearing configuration. Device 200 includes a fourth embodi- 
ment of a bearing mount which includes, at both ends of 
shaft 94, spring 202 and spring keeper 204. Spring 202 is 
shown in FIG. 17 and like springs 96 and 168, includes tabs 
Delta (E) 0 50-70 60 which project radially inward to engage the outer bearing 
race. Tabs 206 are integrally formed with annular portion 
Measurement error of modes is estimated to be 5 E. 208 which is of greater thickness than tabs 206. Annular face 
210 of spring 202 is match-machined to provide the desired 
amount of tab deflection once spring keeper 204 is fully 
Referring now to FIG. 13A and 13B, there is shown a 65 seated, and annular portion 208 is tightly sandwiched 
rotary device including a second embodiment of a bearing between the opposed surfaces of housing 94 and spring 
mount according to the present invention. Rotary device keeper 204. As in the above-described DF bearing 
lo2 and 
device, exemplified by a motor, with the inventive bearing members 176’, 17” cooperatively form a labyrinth 
TABLE 2 
Comparison of Modal Data New Design versus Old Design 
Inventive Previous 
~~~~i~~ Mount ~~~~i~~ Mount 
First Mode prior to Vibration (E) 270 290 
First Mode after Vibration (E) 270 240-220 
“Previous” numbers in Table 2 are approximate and based on a large num- 
ber of samples. 
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configuration, nut 126 merely holds the bearings onto the is threadedly engaged onto the threaded portion of shaft 94, 
shaft. The structure of the junction of tabs 206 and annular and tab portions 268 which extend radially inwardly from 
portion 208 may be tailored to impart a spring characteristic the outer circumference of nut portion 266 and bear on 
which is nonlinear, as shown in FIG. 10; for example, radii spacer 128, which abuts the inner race of bearing 102, 
of c ~ ~ a t u r e  212 and 214 may be specifically designed to s Rotary device 260 thus includes a bearing mount in which 
Provide a Plateau on the force deflection curve for spring 202 the spring applies a preload to the inner bearing races, rather 
upon which variations in deflection do not correlate to a than to the outer bearing races, 
substantial change in bearing load. Referring now to FIG. 24, there is shown rotary device 
Referring now to FIG. 18, there is shown rotary device 280 which includes an eighth embodiment of a bearing 
forms shoulder 226 against which the outer race of bearing includes shaft 282 having shoulder 284 against which abuts 
108 abuts. Shoulder 226 thus forms a bearing retainer. Here rotating member 286, The interfacing surfaces of member 
220 having housing 222 having counterbore 224 which 10 mount according to the present invention, Device 280 
again, 
member 228 has 
230, attached to housing 222 by 
bearing lo2. Surface 234 Of spring keeper portion 230 is 
amount Of spring deflection Once device 220 is 
lo2 and lo8 have a DF configuration. Spring 286 and housing portion 288 cooperate to form a labyrinth 
seal, Member 286 has annular surface 290 against which the 
15 inner race of bearing 108 abuts, The outer race of bearing 
Shoulder 292 thus forms a bearing retainer, Bearings 108 
member 294, also shown in FIG, 25, has tabs which engage 
The structure Of the junction Of tabs 232 and 20 the outer race of bearing 102, Rotating member 298 has 
formed 'prink? keeper portion 
112, and 
inwardly directed tabs 232 which engage the outer race of 
match-machined as described above to provide the desired 
108 abuts shoulder 292 formed in housing portion 288, 
and 102 directly abut each other, as shown, spring 
keeper portion 230 may be to impart a 'prink? 
characteristic which is nonlinear, as shown in FIG. 10; for 
example, radii of curvature 236 and 238 may be specifically 
designed to provide a plateau on the force deflection curve 
for spring 228 upon which variations in deflection do not 25 
correlate to a substantial change in bearing load, A in the 
above-described DF bearing configurations, nut 126 merely 
holds the bearings onto the shaft. 
Referring now to FIG. 20, there is shown rotary device 
240 also having housing 222, but in which spring member 30 
242, which has integral spring keeper portion 244 and tabs 
246, is combined with inner and outer labyrinth seal mem- 
bers 248, 250, respectively. Device 240 includes a sixth 
embodiment of a bearing mount according to the present 
invention. Spring 242 is also shown in FIG. 21. Inner 35 
labyrinth seal members 248 rotate with shaft 94, and serve 
as spacers which bear on spacer 128. Nut 252, threadedly 
engaged, onto the threaded portion of shaft 94, also forms 
part of the labyrinth seal. Notably, the clamping of outer seal 
Spring keeper portion 244 is match-machined, as described 
annular surface 300 which engages the inner race of bearing 
102, Rotating member 298 is engaged by nut 302 threadedly 
engaged onto threaded portion 304 of shaft 282, 
Spring keeper 306 engages Outer peripheral portion 308 Of 
Same between spring keeper surface 
310 and surface 312 Of housing portion 288. '12 
extend through holes provided in spring keeper 306 and 
spring 294, and secure them to housing portion 288. The 
interfacing surfaces of member 298 and spring keeper 306 
cooperate to form a labyrinth seal. Shoulder 292 is match- 
machined relative to bearings, 102, 108 to provide the 
desired amount of bearing 102 stickout; when bolts 112 are 
tightened, the proper amount of bearing preload is thus 
provided. Strains in the inner and outer races of the bearings 
are equalized through appropriate torquing of nut 302, 
which acts on the inner bearing races through member 298. 
Referring to the left side of device 280 as viewed in FIG. 
243 it can be Seen that the end Of shaft 282 is 
portion 314 attached to housing portion 288 via bolts 316. 
spring 294 and 
members 250 affects the preload applied to the bearings, 40 supported through a bearing mount which housing 
above, to effect the proper amount of tab deflection and 
appropriately preload the bearings, The structure of the 
Other than as shown in 
mount 318 is very 
24, the structure Of bearing 
to that Of bearing mount 162 
junction of tabs 246 and keeper portion 244 may be tailored 
in FIG. 10; for example, radii of curvature 254 and 256 may 
be specifically designed to provide a plateau on the force Spring 294 is similar to springs 96 (FIG. 9 4  and 168 
deflection curve for spring 242 upon which variations in (FIG. W), but its dimensions and structure may be tailored 
deflection do not correlate to a substantial change in bearing to provided the desired forceideflection characteristics. 
load. In this embodiment, nut 252, in conjunction with inner 50 While this invention has been described as having a 
seal members 248, holds the bearings onto the shaft; this is various designs, the present invention can be further modi- 
a DF configuration. fied within the spirit and scope of this disclosure. This 
Referring now to FIG, 22A, there is shown rotary device application is therefore intended to cover any variations, 
260, which includes a seventh embodiment of a bearing uses, or adaptations of the invention using its general 
mount according to the present invention, A shown in 5s principles. Further, this application is intended to cover such 
FIGS. 22A and 2 2 5  device 260 includes housing 222 departures from the present disclosure as come within 
having annular shoulder 226, and bearing retainer 262, known or customary practice in the art to which this inven- 
which is match-machined to provide a compressive load on tion pertains and which fall within the limits of the appended 
shown in FIG. 14; they share several commonly identified 
to impart a spring characteristic which is nonlinear, as shown 4s 'Over 320 is attached to housing portion 314 via 
322 to bearing mount 318. 
the outer races of bearings 102 and 108, and on spacer 106. 
In this embodiment, a terminal end of shaft 94 is provided 60 
with surface 270 which is flat and perpendicular to the shaft 
axis of rotation. Mounted to surface 270, via bolts 272, is 
inner bearing retainer 274. Surface 276 of inner bearing 
retainer 274 abuts the inner race of bearing 108. Referring 
to FIG. 22A and 22C, unlike the annular springs of the 65 
above-discussed embodiments of the present invention, in 
this embodiment spring 264 includes nut portion 266, which 
claims. 
What is claimed is: 
1. A duplex bearing mount comprising: 
at least one duplex bearing having an inner race and an 
outer race, said inner race disposed within said outer 
race and being rotatable relative to said outer race about 
an axis, said inner race having substantially no relative 
movement relative to said outer race in at least one 
direction along said axis, said inner and outer races 
US 6,409,390 B3 
13 
each having first and second axial faces which are 
respectively located at the same axial end of said 
duplex bearing; 
a housing, said duplex bearing radially supported by said 
housing; 
a shaft which extends through said inner race, said shaft 
radially and axially supported by said inner race; 
a first retainer connected to said housing and being 
engaged with the first axial surface of a bearing race, 
the movement of which race in a first direction along 
said axis being constrained by said first retainer; 
a second, resilient retainer connected to one of said 
housing and said shaft and being deflected through 
engagement with the second axial face of a bearing 
race, the movement of which race in a second direction 
along said axis, opposite to said first direction, being 
constrained by said deflected second retainer; 
wherein said bearing is preloaded by its being clamped 
between said first and second retainers, and said second 
retainer forms at least a portion of a spring having the 
characteristic of a substantially constant force value 
correlating to a range of various deflection values, 
whereby the preload of said bearing is substantially 
unaffected by variations in the deflection of said second 
retainer. 
2. The duplex bearing mount of claim 1, wherein said 
duplex bearing is a first duplex bearing, and further com- 
prising a second duplex bearing, said first retainer being 
engaged with a race of said first duplex bearing, said second 
retainer being engaged with a race of said second duplex 
bearing. 
3. The duplex bearing mount of claim 2, wherein the outer 
races of said first and second duplex bearings are engaged 
with each other, and the inner races of said first and second 
duplex bearings are engaged with each other. 
4. The duplex bearing mount of claim 3, further compris- 
ing an inner spacer disposed between the inner races of said 
first and second duplex bearings, and an outer spacer dis- 
posed between the outer races of said first and second duplex 
bearings, said inner races, and said outer races, respectively 
being engaged through said inner and outer spacers. 
5. The duplex bearing mount of claim 2, wherein said first 
retainer is engaged with the outer race of said first duplex 
bearing. 
6. The duplex bearing mount of claim 5,  wherein said first 
retainer is annular. 
7. The duplex bearing mount of claim 5,  wherein said first 
retainer is attached to said housing. 
8. The duplex bearing mount of claim 5,  wherein said first 
retainer is integral with said housing. 
9. The duplex bearing mount of claim 2, wherein said 
second retainer is engaged with the outer race of said second 
duplex bearing and is attached to said housing. 
10. The duplex bearing mount of claim 9, wherein said 
second retainer is annular and includes a plurality of radially 
inwardly extending tabs, said tabs being engaged with the 
outer race of said second duplex bearing. 
11. The duplex bearing mount of claim 9, wherein a gap 
is formed between interfacing surfaces of said second 
retainer and said housing. 
12. The duplex bearing mount of claim 1, wherein said 
first and second retainers are both resilient. 
13. The duplex bearing mount of claim 1, wherein said 
second retainer is annular and includes a plurality of radially 
inwardly extending tabs, said tabs being engaged with a 
race, each said tab forming a cantilever spring. 
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14. The duplex bearing mount of claim 13, wherein said 
second retainer is connected to said housing, and said tabs 
are engaged with said outer race. 
15. The duplex bearing mount of claim 14, wherein said 
duplex bearing is a first duplex bearing and further com- 
prising a second duplex bearing, said first and second duplex 
bearings being engaged with each other, said first retainer 
being engaged with the outer race of said first duplex 
bearing, said second retainer being engaged with the outer 
race of said second duplex bearing. 
16. The duplex bearing mount of claim 15, further com- 
prising a nut secured to said shaft, said nut being engaged 
with the inner race of said second duplex bearing. 
17. The duplex bearing mount of claim 16, further com- 
prising a shaft spacer disposed between the inner race of said 
second duplex bearing and said nut, said nut being engaged 
with the inner race of said second duplex bearing through 
said shaft spacer. 
18. The duplex bearing mount of claim 17, wherein said 
shaft and said shaft spacer have no relative rotation about 
said axis. 
19. A duplex bearing mount, comprising: 
first and second duplex bearings each having an annular 
inner race and an annular outer race, said inner races 
respectively disposed within said outer races and being 
rotatable relative to said outer races about an axis, 
relative movement between said inner and outer races 
of each respective bearing in at least one direction 
along said axis being constrained, radial movement of 
each said bearing relative to said axis being 
constrained, said first and second bearings having fixed 
relative positions along said axis; 
a bearing retainer in operative engagement with said first 
bearing outer race, movement of said first bearing 
along said axis in the direction of said retainer being 
limited by said bearing retainer; 
an annular member connected to said bearing retainer and 
comprising a plurality of radially inwardly extending 
resilient tabs, said tabs engaging said second bearing 
outer race and being deflected thereby, said first and 
second bearings being urged in a direction along said 
axis toward said bearing retainer, said annular member 
at least partially defining a nonlinear spring, said non- 
linear spring having the characteristic of a substantially 
constant force value corresponding to a range of dif- 
ferent deflection values, whereby a constant preload 
can be exerted on said duplex bearings under varying 
amounts of tab deflection. 
20. A duplex bearing mount for a rotary device, compris- 
a pair of duplex bearings each having an inner race and an 
outer race, said inner race disposed within said outer 
race and being rotatable relative thereto about an axis, 
said inner races and said outer races respectively 
engaged with each other along said axis; 
a bearing retainer engaged with the outer race of one of 
said duplex bearings, movement of said duplex bear- 
ings in one direction along said axis being limited by 
said bearing retainer; and 
means for providing a substantially constant preload on 
said duplex bearings under varying amounts of dis- 
placement of said duplex bearings in directions along 
said axis. 
ing: 
* * * * *  
